Introduction
============

Breast cancer is a heterogeneous disease that can be divided into different subtypes based on pathological markers. One of the most important markers is the estrogen receptor (ER). Estrogen receptor-positive (ER^+^) and estrogen receptor-negative (ER^−^) tumors differ in their recurrence patterns. Patients with ER^−^ tumors exhibit higher recurrence risks over the first 5 years following diagnosis. Thereafter, the risk of recurrence decreases rapidly. However, patients with ER^+^ tumors experience late recurrences more frequently. The biological differences between ER^+^ and ER^−^ tumors are also evident. Several studies have revealed that different chromosomal and gene expressional patterns are present in patients with different ER statuses ([@b1-ol-0-0-11109]--[@b3-ol-0-0-11109]).

The majority of breast cancer tumors (75--80%) are ER^+^ and of these, \~75% are also progesterone receptor-positive (PR^+^) ([@b4-ol-0-0-11109],[@b5-ol-0-0-11109]). ER^+^/PR^−^ breast cancer is associated with a more aggressive phenotype ([@b6-ol-0-0-11109]), larger tumors, axillary lymph node metastases and higher S-phase fractions compared with ER^+^/PR^+^ tumors ([@b7-ol-0-0-11109]). Differences between these subgroups have also been observed at the DNA level. ER^+^/PR^−^ tumors exhibit a more unstable genetic profile and possess twice as many copy number gains or losses as ER^+^/PR^+^ tumors ([@b8-ol-0-0-11109]). Thus, separate analyses for subgroups based on hormone receptor status is appropriate.

The aim of the current study was to identify new prognostic factors for ER^+^ breast cancer via gene copy number analysis and to investigate if these factors had prognostic value in subgroups created based on PR status.

The present study identified the gene *RAB6C*, located on chromosome 2q21.1, which encodes a 254 amino acid protein. It was determined to be a prognostic marker following analysis and was subsequently investigated for prognostic value in a second independent data set from a study with systemically untreated patients. To the best of our knowledge, this is the first study to determine the prognostic value of RAB6C in clinical breast cancer tissue. However, experimental studies have demonstrated that RAB6C interacts with p53, which is frequently mutated in breast cancer ([@b9-ol-0-0-11109]--[@b12-ol-0-0-11109]). RAB6C has also been revealed to inhibit cell proliferation, invasion and metastases, leading to the hypothesis that it may function as a tumor suppressor ([@b13-ol-0-0-11109]).

Materials and methods
=====================

### Patients of the public dataset

The current study utilized a public data set obtained from the tumor bank of the Erasmus Medical Center, which included 313 patients with breast cancer. Data is available at the NCBI GEO website (accession no. 10099) and includes information pertaining to gene copy number, clinical data and information on distant recurrences. The patients were treated between 1980 and 1995, and all were determined to be lymph node negative. Patients also did not receive any adjuvant systemic therapy. Gene copy number was previously analyzed using the Affymetrix GeneChip Human Mapping 100K Array. Additionally, Affymetrix Chromosome Copy Number Tool 3.0 software was used to generate a value representing the copy number of each probe set. The previously determined data was determined by Zhang *et al* ([@b3-ol-0-0-11109]). From this cohort, the current study selected ER^+^ tumors (n=199) for further analyses.

### Hormone receptors and grade of the public dataset

Protein levels of ER and PR were measured using a ligand binding assay, an enzyme immunoassay or immunohistochemistry (IHC) for a selection of tumors. The cut-off value for the classification of patients as positive or negative for ER and PR was 10 fmol/mg protein or 10% positive tumor cells ([@b14-ol-0-0-11109]). Grade was assessed by regional pathologists and reflected the current practice of clinicians over the years that the tumor samples were collected ([@b3-ol-0-0-11109]).

### Patients of the independent cohort

To investigate the prognostic value of RAB6C at the protein level and to analyze a cohort comparable with GSE10099, systemically untreated patients were selected from two randomized studies conducted by the Stockholm breast cancer group between 1976 and 1990 ([@b15-ol-0-0-11109],[@b16-ol-0-0-11109]). One study included postmenopausal 'low-risk' patients (tumor size ≤30 mm and lymph node-negative) and the other included premenopausal 'high-risk' patients (tumor size \>30 mm and/or lymph node positive). After selecting systemically untreated patients, the cohort of the current study consisted of 1,150 patients, where tissue microarrays were available for 548 tumors. Of these, RAB6C expression could be evaluated in a total of 469 patients ([Fig. 1](#f1-ol-0-0-11109){ref-type="fig"}).

### Hormone receptors, HER2 status, Grade and RAB6C of the independent cohort

ER, PR and HER2 data were collected from previous studies. For postmenopausal patients, ER and PR status was assessed retrospectively via IHC using the Ventana^®^ automated slide stainer (Ventana Medical Systems, S.A.). CONFIRM™ mouse anti-ER primary monoclonal antibodies (clone 6F11) and CONFIRM™ mouse anti-PR antibodies (clone 16) were obtained from Ventana Medical Systems. The cut-off level of positively stained tumor cell nuclei was set to 10% ([@b17-ol-0-0-11109]). HER2 was analyzed via IHC as previously described ([@b17-ol-0-0-11109]). For premenopausal patients, the ER and PR status that was determined during clinical routine practice was assessed with a cut-off level of 0.05 fmol/µg DNA ([@b18-ol-0-0-11109]). HER2 was analyzed via IHC using the same antibody as for postmenopausal patients. Grade was analyzed retrospectively in both cohorts using the same investigator for all tumor samples within each.

The protein expression of RAB6C was analyzed via IHC and the staining pattern was evaluated independently by three investigators (JS, TB and HF). Polyclonal rabbit antibodies (cat. no. ab200396; Abcam) were used. The intensity of RAB6C in the nucleus was analyzed and scored as 0, 1, 2 or 3. If the nuclei exhibited an intensity ≥2, the tumor was considered to highly express RAB6C (RAB6C^+^). Otherwise, it was considered to exhibit a low RAB6C expression (RAB6C^−^). [Fig. S1](#SD1-ol-0-0-11109){ref-type="supplementary-material"} presents examples of tumors that were graded as RAB6C^+^ and RAB6C^−^, respectively. RAB6C expression in the cytoplasm was also evaluated and scored as 0, 1, 2 or 3.

### Statistical analysis

The interquartile range was calculated for each SNP and the 20 most varied were selected and analyzed separately. For each SNP, the patients were divided into two groups based on their gene copy number, with the median value as a cut-off. To compare the association between RAB6C and clinical characteristics, the Pearson χ^2^ test was utilized.

Cumulative distant-recurrence risk was estimated using the Kaplan-Meier method. In the public data set, distant recurrence was calculated as previously described by Zhang *et al* ([@b3-ol-0-0-11109]). In the independent cohort, the end-point was defined as the first distant recurrence from the patient\'s primary breast tumor as described by Rutqvist and Johansson ([@b15-ol-0-0-11109],[@b16-ol-0-0-11109]). In this cohort, 3 patients died from breast cancer, but no date of distant recurrence was recorded. For these patients, the date of death was used as date of distant recurrence. Patients were censored at the last follow-up or at death due to causes other than breast cancer. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated using Cox\'s proportional hazards model. P-values were obtained from two-sided Wald tests and the patients were followed up until 10 years after diagnosis. The microarray data was processed using R 2.14.1 and the statistical analyses were performed with Stata/SE 13.1 software.

Results
=======

### Public data set results

The 20 SNPs that varied the most between patients were mapped as *MECT1, UBN1* (3 SNPs), *SKI, GALNT1, FLJ35424, FCGR1A, WIG1, RAB6C, MUM1L1*, 7p22.3, *POU5FLC20, ZNF195, LOC200030, LOC122618, ODF1* and *OSR2* (3 SNPs; [Table SI](#SD1-ol-0-0-11109){ref-type="supplementary-material"}). When analyzing the distant recurrence risk of each SNP after applying Bonferroni\'s correction, only *RAB6C* had a statistically significant impact on prognostic value. Furthermore, since previous studies indicated that RAB6C might be a favorable prognostic and predictive factor, this gene was selected for further analysis ([@b11-ol-0-0-11109],[@b13-ol-0-0-11109],[@b19-ol-0-0-11109],[@b20-ol-0-0-11109]).

The second most significant P-value was obtained for the *MUM1L1* gene (HR, 0.55; 95% CI, 0.35--0.86; P=0.01). The protein that the *MUM1L1* gene encodes has been previously revealed to be highly expressed in several types of cancer. According to the protein atlas, the expression of *MUM1L1* is not detectable in normal breast tissue and is expressed in low levels in breast cancer tissue ([@b21-ol-0-0-11109]). However, due to a non-significant P-value after Bonferroni\'s correction, no further analysis was performed on *MUM1L1* in the current study.

The patients that were subdivided into groups according to their tumor copy number being above or below the median value of 3.6 were denoted as the *RAB6C*^+^ and *RAB6C*^−^ groups, respectively. The HR of the patients that exhibited a *RAB6C*^+^ tumor compared with those that exhibited a *RAB6C*^−^ tumor was 0.44 (95% CI, 0.28--0.71; P=0.001; [Fig. 2A](#f2-ol-0-0-11109){ref-type="fig"}). The prognostic value of *RAB6C* was determined by performing a multivariable analysis with adjustments for age, tumor stage, grade and PR. Of these factors, *RAB6C* had the strongest prognostic value (HR, 0.45; 95% CI, 0.28--0.72; P=0.001; [Tables I](#tI-ol-0-0-11109){ref-type="table"} and [SII](#SD1-ol-0-0-11109){ref-type="supplementary-material"}).

The patients were further divided into two subgroups based on PR status. In both subgroups, *RAB6C* had a favorable prognostic value, which was more evident among ER^+^/PR^−^ patients. In these patients, there was a 77% risk reduction (HR, 0.23; 95% CI, 0.08--0.61; P=0.003) in tumors that were *RAB6C*^+^ compared with those that were *RAB6C*^−^ ([Fig. 2B](#f2-ol-0-0-11109){ref-type="fig"}). For ER^+^/PR^+^ tumors, the risk reduction was 45% (HR, 0.55; 95% CI, 0.32--0.96; P=0.03; [Fig. 2C](#f2-ol-0-0-11109){ref-type="fig"}). Based on PR status, two separate multivariable analyses were performed. *RAB6C^+^* revealed a statistically significant improvement in the prognosis of both subgroups. However, a stronger independent prognostic value was identified among ER^+^/PR^−^ tumors (HR, 0.15; 95% CI, 0.05--0.46 vs. HR, 0.55; 95% CI, 0.32--0.95; [Tables I](#tI-ol-0-0-11109){ref-type="table"} and [SIII](#SD1-ol-0-0-11109){ref-type="supplementary-material"}).

A higher gene copy number of *RAB6C* was associated with favorable prognostic factors. *RAB6C*^+^ tumors were more frequently of T1 size (56 vs. 49%), PR^+^ (76 vs. 70%) or of grade I or II (32 vs. 26%) when compared with *RAB6C*^−^ tumors. However, none of these associations were statistically significant. In the ER^+^/PR^−^ subgroup, *RAB6C*^+^ tumors were more commonly grade I or II (P=0.008; [Table II](#tII-ol-0-0-11109){ref-type="table"}).

### Independent cohort results

The prognostic value of RAB6C based on protein expression was tested in two different cohorts that included premenopausal 'high-risk' patients and postmenopausal 'low-risk' patients, respectively. Since statistical analysis revealed similar results in both cohorts, they were merged into a single cohort to increase the statistical power. Cytoplasmic RAB6C expressions were observed in almost all cases (96%) with staining intensities of 2 or 3 in 71%. The results of nuclear staining were more varied, with scores of 0, 1, 2 and 3 in 34, 23, 25 and 19% of cases, respectively. The statistical analysis of cytoplasmic RAB6C expression did not demonstrate any prognostic value and as such, all results included in the current study were based on the nuclear expression of RAB6C.

The dataset contained both ER^+^ and ER^−^ tumors, which revealed a strong positive correlation between RAB6C and ER status (P=0.001). However, a negative correlation with borderline significance was observed between RAB6C and HER2 (P=0.057). RAB6C^+^ tumors were also frequently of a lower grade than RAB6C^−^ tumors (P\<0.001; [Table III](#tIII-ol-0-0-11109){ref-type="table"}). The current study subsequently analyzed the association between RAB6C and the three individual components of grading (pleomorphism, tubule formation and mitosis). The results revealed a negative correlation between RAB6C positivity and each of the components (P\<0.001). Among the ER^+^ tumors, no statistically significant associations between RAB6C and the prognostic factors presented in [Table III](#tIII-ol-0-0-11109){ref-type="table"} were detected, but HER2 was negativity associated with RAB6C^+^ tumors (P=0.07). ER^+^/PR^−^ tumors with high RAB6C levels were frequently of a lower grade (P=0.016; [Table IV](#tIV-ol-0-0-11109){ref-type="table"}).

Since the analyses performed using the public dataset were based on ER^+^ tumors, the independent cohort was divided into two groups based on ER status. Among these subgroups, no statistically significant differences were determined in distant recurrence rates between RAB6C^+^ and RAB6C^−^ cases, independently of ER status. For patients with ER^+^ tumors, the HR was 0.77 (95% CI, 0.48--1.22; P=0.27; [Fig. 3A](#f3-ol-0-0-11109){ref-type="fig"}) and for ER^−^tumors, the HR was 1.30 (95 % CI, 0.66--2.56; P=0.45).

For patients with ER^+^/PR^−^ tumors, a decreased distant recurrence rate was observed in RAB6C^+^ compared with RAB6C^−^ cases (HR, 0.24; 95% CI, 0.09--0.66; P=0.005; [Fig. 3B](#f3-ol-0-0-11109){ref-type="fig"}). However, no statistically significant differences were determined in patients with ER^+^/PR^+^ tumors (HR, 1.20; 95% CI, 0.66--2.19; P=0.55; [Fig. 3C](#f3-ol-0-0-11109){ref-type="fig"}). The separate HRs for the 'low-risk' and 'high-risk' cohorts with ER^+^/PR^−^ tumors were 0.22 (95% CI, 0.06--0.79) and 0.21 (95% CI, 0.041--1.10), respectively. For those with ER^+^/PR^+^ tumors, the HRs were 1.56 (95% CI, 0.72--3.41) and 1.21 (95% CI, 0.44--3.31), respectively ([Fig. S2](#SD1-ol-0-0-11109){ref-type="supplementary-material"}).

When adjusting for age, tumor size, lymph node status, HER2, grade and PR in the multivariable analysis of distant recurrence risk in patients with ER^+^ tumors, RAB6C retained its prognostic importance, which was stronger in patients with ER^+^/PR^−^ tumors as indicated by a statistically significant interaction between PR and RAB6C ([Table SIV](#SD1-ol-0-0-11109){ref-type="supplementary-material"}). Stratifying the results of the multivariable analysis according to PR status revealed that the distant recurrence rate ratio for high vs. low RAB6C was markedly reduced among patients with ER^+^/PR^−^ tumors (HR, 0.17; 95% CI, 0.05--0.60; P=0.006), but not in patients with ER^+^/PR^+^ tumors (HR, 1.31; 95% CI, 0.69--2.48; P=0.41; [Table V](#tV-ol-0-0-11109){ref-type="table"}).

Discussion
==========

To the best of our knowledge, the current study is the first to assess *RAB6C* in a dataset of clinical breast cancer tissue. The prognostic significance was identified using a dataset containing gene copy numbers and further investigations were performed at the protein level in a second independent cohort. The results indicated that high RAB6C expressions decreased the distant recurrence risk of patients, a finding that was most significant in the ER^+^/PR^−^ subgroup. Many of these patients receive both endocrine therapy and chemotherapy, but certain individuals may exhibit a good prognosis even when receiving reduced systemic treatment. In the cohorts of the present study, all patients were systemically untreated, which enabled for the analysis of the natural course associated with RAB6C. The results of the present study may contribute to the understanding of biological heterogeneity within ER^+^/PR^−^ tumors and the identification of potentially overtreated patients.

Variations in gene copy number were analyzed in a dataset of 199 ER^+^ tumors, after which the 20 most varied SNPs were selected and tested for prognostic significance. To counteract the problem of multiple testing, the P-value for each SNP was assessed at a significance level of α/20=0.0025 according to the principle of Bonferroni\'s correction. Furthermore, after applying the Cox regression model, *RAB6C* was identified as a prognostic marker.

The identification of RAB6C as a tumor marker with prognostic significance in the current study was supported by previous literature. Bhat *et al* ([@b22-ol-0-0-11109],[@b23-ol-0-0-11109]) used next generation sequencing and data from independent published studies to identify *RAB6C* as one of nine genes with promoter methylation. The high sensitivity and specificity of this could discriminate between normal, premalignant or tumor tissues in cervical tissues and in head and neck squamous cell carcinoma. Furthermore, hypermethylation leading to the downregulation of *RAB6C* was associated with a poorer survival ([@b22-ol-0-0-11109],[@b23-ol-0-0-11109]).

The function of *RAB6C* is yet to be fully elucidated. However, the gene is known to be a member of the RAB6 family, which is highly conserved. By gene duplication and splicing during evolution, RAB6 has diverged to three different isoforms; *RAB6A, RAB6B* and *RAB6C*. *RAB6A* has been subjected to splicing, generating two further variants, *RAB6A* and *RAB6A′*. *RAB6C* was most likely generated by the retrotransposition of mRNA from *RAB6A′* and therefore consists of a single exon ([@b24-ol-0-0-11109]). This retrotransposition theory is also supported by the fact that *RAB6C* and *RAB6A′* genes exhibit an identity of 97%. However, the proteins that the genes encode seem to have different functions. As far as we know, ER and PR are not target genes of RAB6C, but RAB6C has been demonstrated to be directly targeted by p53 and several experimental studies have indicated that high RAB6C expressions may be a favorable prognostic and predictive factor for cancer ([@b11-ol-0-0-11109],[@b13-ol-0-0-11109],[@b19-ol-0-0-11109]). The expression also seems to be associated with the type of tissue. Cells with a high metastatic ability possess lower RAB6C levels than MCF-7 cells, which in turn have lower RAB6C expressions than normal tissue ([@b13-ol-0-0-11109]). Furthermore, RAB6C inhibits cell proliferation, invasion and metastases ([@b13-ol-0-0-11109]), and promotes apoptosis ([@b11-ol-0-0-11109]). Shan *et al* ([@b19-ol-0-0-11109]) revealed that RAB6C may be involved in chemotherapeutic resistance. Cancer cells expressing RAB6C have also demonstrated an increased sensitivity to several anti-cancer drugs, including doxorubicin, paclitaxel, vinblastine and vincristine ([@b19-ol-0-0-11109]). Unlike other proteins of the RAB6 family, which are located in the Golgi apparatus serving to regulate protein transport, RAB6C is primarily localized to the centrosome and is involved in cell division ([@b24-ol-0-0-11109]). This distinguished function of RAB6C may contribute to the prognostic impact that was identified in the current study.

We identified prognostic significance of *RAB6C* based on gene copy number with data from a public data set. Since gene copy number variation is an indicator of genomic instability, which per se implies poor prognosis, it is important to consider also the gene expression. Therefore, we also analyzed RAB6C protein expression in an independent cohort. We did not have data on both gene copy number and gene expression in either cohort, which impeded a correlation analysis between gene copy number and gene expression. Gene expression analysis of RAB6C is complicated due to the fact that it consists of a single exon and several gene expression microarrays are not able to distinguish between mRNA expression of RAB6A and RAB6C ([@b24-ol-0-0-11109],[@b25-ol-0-0-11109]). In order to distinguish between RAB6A and RAB6C, protein expression analysis seems to be a more reliable method.

*RAB6C* is located within a genomic region with large-scale copy number polymorphism, contributing to genomic variation between normal humans ([@b26-ol-0-0-11109]). The RAB6C-like protein is expressed by a gene located in the same chromosomal region within a distance of 1.38 Mb from *RAB6C* ([@b24-ol-0-0-11109]). The antibody that was used in the current study has been confirmed to detect RAB6C. However, the proteins are 100% identical according to NCBI\'s protein database, which uses the BLAST tool ([@b27-ol-0-0-11109]) and differ at three amino acids according to the database of Ensembl ([@b28-ol-0-0-11109]). Thus, RAB6C and RAB6C-like protein are very similar and the gene products may possess the same function.

In the public dataset and the independent cohort used in the current study, an association was determined between grade and RAB6C, particularly among ER^+^/PR^−^ tumors. In the independent cohort, the current study also analyzed the association between RAB6C and the three components of grading (pleomorphism, tubule formation and mitosis). The results revealed a negative correlation between RAB6C and each of the components, including mitosis (P\<0.001). This seems reasonable, since RAB6C has been demonstrated to serve a role in DNA replication and it is known that the depletion of RAB6C generates tetraploid cells with supernumerary centrosomes ([@b24-ol-0-0-11109]).

The present study analyzed the prognostic course associated with RAB6C. Since most ER^+^ patients receive systemic therapy and experimental studies have indicated that RAB6C may be involved in chemotherapeutic resistance, a treatment predictive value should be investigated in future study.
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###### 

Distant recurrence rate in the data set GSE10099 for *RAB6C^+^* compared with *RAB6C^−^* stratified by hormone receptor status.

                                 Univariable                 Multivariable^[a](#tfn1-ol-0-0-11109){ref-type="table-fn"}^   
  ------------- ------- -------- ------------------- ------- ------------------------------------------------------------- -------
  ER^+^         99/28   100/50   0.44 (0.28--0.71)   0.001   0.45 (0.28--0.72)                                             0.001
  ER^+^/PR^+^   73/22   69/31    0.55 (0.32--0.96)   0.034   0.55 (0.32--0.95)                                             0.033
  ER^+^/PR^−^   23/5    29/19    0.23 (0.08--0.61)   0.003   0.15 (0.05--0.46)                                             0.001

Multivariable analysis for ER^+^ tumors adjusted for age, tumor stage, grade and PR. The multivariable analysis confined to the subgroups ER^+^/PR^+^ and ER^+^/PR^−^ adjusted for age, tumor stage and grade. *RAB6C^−^* was the referent (with HR=1) in each subgroup analysis. ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor; RAB6C, Ras-related protein Rab-6C.

###### 

Patient characteristics for the data set GSE10099, stratified by hormone receptor status.

                          ER^+^, n (%)             ER^+^/PR^+^, n (%)             ER^+^/PR^−^, n (%)                              
  ----------------------- -------------- --------- -------------------- --------- -------------------- ------ --------- --------- --------
  Total no. of patients   100            99                             69        73                          29        23        
  Age, years                                                                                                                      
    ≤50                   46 (46)        38 (38)   0.28                 37 (54)   30 (41)              0.14   9 (31)    7 (30)    0.96
    \>50                  54 (54)        61 (62)                        32 (46)   43 (59)                     20 (69)   16 (70)   
  Tumour stage                                                                                                                    
    T1                    49 (49)        55 (56)   0.36                 32 (46)   41 (56)              0.24   16 (55)   11 (48)   0.60
    T2-T4                 51 (51)        44 (44)                        37 (54)   32 (44)                     13 (45)   12 (52)   
  PR status                                                                                                                       
    Negative              29 (30)        23 (24)   0.38                                                                           
    Positive              69 (70)        73 (76)                                                                                  
    Unknown               2              3                                                                                        
  Grade                                                                                                                           
    I--II                 17 (26)        22 (32)   0.40                 14 (35)   11 (23)              0.23   3 (13)    9 (50)    \<0.01
    III                   49 (74)        46 (68)                        26 (65)   36 (77)                     21 (88)   9 (50)    
    Unknown               34             31                             29        26                          5         5         

ER, estrogen receptor; PR, progesterone receptor; RAB6C, Ras-related protein Rab-6C.

###### 

Patient characteristics for the independent cohort.

                          All patients, n (%)              ER^+^, n (%)                         
  ----------------------- --------------------- ---------- -------------- ---------- ---------- ------
  Total no. of patients   265                   204                       157        153        
  Age, years                                                                                    
    ≤50                   61 (23)               44 (22)    0.71           38 (24)    34 (22)    0.68
    \>50                  204 (77)              160 (78)                  119 (76)   119 (78)   
  Tumour size, mm                                                                               
    \<30                  218 (85)              181 (90)   0.14           134 (87)   137 (90)   0.39
    ≥30                   37 (15)               20 (10)                   20 (13)    15 (10)    
    Unknown               10                    3                         3          1          
  Lymph node status                                                                             
    N0                    214 (81)              169 (83)   0.56           124 (79)   127 (83)   0.37
    N^+^                  51 (19)               35 (17)                   33 (21)    26 (17)    
  ER status                                                                                     
    Negative              68 (30)               30 (16)    0.001                                
    Positive              157 (70)              153 (84)                                        
    Unknown               40                    21                                              
  PR status                                                                                     
    Negative              111 (51)              78 (45)    0.24           50 (35)    51 (37)    0.76
    Positive              105 (49)              94 (55)                   92 (65)    87 (63)    
    Unknown               49                    32                        15         15         
  HER2                                                                                          
    Negative              197 (84)              166 (90)   0.057          134 (91)   138 (96)   0.07
    Positive              38 (16)               18 (10)                   14 (9)     6 (4)      
    Unknown               30                    20                        9          9          
  NHG                                                                                           
    I                     38 (17)               50 (28)    \<0.001        32 (23)    45 (32)    0.10
    II                    119 (52)              106 (60)                  86 (61)    81 (58)    
    III                   73 (32)               21 (12)                   23 (16)    14 (10)    
    Unknown               35                    27                        16         13         

ER, estrogen receptor; NHG, Nottingham histological grade; PR, progesterone receptor; RAB6C, Ras-related protein Rab-6C.

###### 

Patient characteristics for the independent cohort stratified by hormone receptor status.

                          ER^+^/PR^+^, n (%)             ER^+^/PR^−^, n (%)                       
  ----------------------- -------------------- --------- -------------------- --------- --------- ------
  Total no. of patients   92                   87                             50        51        
  Age, years                                                                                      
    ≤50                   22 (24)              14 (16)   0.19                 9 (18)    11 (22)   0.65
    \>50                  70 (76)              73 (84)                        41 (82)   40 (78)   
  Tumour size, mm                                                                                 
    \<30                  79 (87)              79 (91)   0.40                 41 (85)   46 (92)   0.30
    ≥30                   12 (13)              8 (9)                          7 (15)    4 (8)     
    Unknown               1                    0                              2         1         
  Lymph node status                                                                               
    N0                    70 (76)              76 (87)   0.05                 45 (90)   43 (84)   0.39
    N^+^                  22 (24)              11 (13)                        5 (10)    8 (16)    
  HER2                                                                                            
    Negative              85 (97)              84 (99)   0.33                 38 (79)   42 (89)   0.17
    Positive              3 (3)                1 (1)                          10 (21)   5 (11)    
    Unknown               4                    2                              2         4         
  NHG                                                                                             
    I                     21 (26)              25 (30)   0.55                 6 (12)    16 (36)   0.02
    II                    47 (59)              50 (60)                        33 (67)   24 (55)   
    III                   12 (15)              8 (10)                         10 (20)   4 (9)     
    Unknown               12                   4                              1         7         

ER, estrogen receptor; NHG, Nottingham histological grade; PR, progesterone receptor; RAB6C, Ras-related protein Rab-6C.

###### 

Distant recurrence rate in the independent cohort for high RAB6C compared with low RAB6C stratified by hormone receptor status.

                                  Univariable                  Multivariable^[a](#tfn5-ol-0-0-11109){ref-type="table-fn"}^   
  ------------- -------- -------- ------------------- -------- ------------------------------------------------------------- --------
  All           204/49   265/73   0.82 (0.57--1.18)   0.29                                                                   
  ER^+^         153/32   157/40   0.77 (0.48--1.22)   0.27                                                                   
  ER^−^         30/13    68/23    1.30 (0.66--2.56)   0.45                                                                   
  ER^+^/PR^+^   87/23    92/20    1.20 (0.66--2.19)   0.55     1.31 (0.69--2.48)                                             0.41
  ER^+^/PR^−^   51/5     50/17    0.24 (0.09 0.66)    \<0.01   0.17 (0.05--0.60)                                             \<0.01

Multivariable analysis confined to ER^+^ tumors, including age, tumor size, lymph node status, HER2, grade, PR and the interaction term PR × RAB6C. Low RAB6C was the referent (with HR=1) in each subgroup analysis. ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor; RAB6C, Ras-related protein Rab-6C.
